We aim to analyze the impact of credit availability on firms' probability to innovate. Using detailed information on more than five thousand five hundred credit lines to small and medium enterprises (SMEs), we find that innovative activities are positively affected by measures of bank loan availability. Further, estimates also show that firms located in an industrial district have higher probability to be innovative than other firms. Our results support the idea that Italian institutions should undertake and reinforce an economic policy oriented to sustain the access to credit of SMEs as a key element for the growth and development of innovative firms.
Introduction
Thus, the aim of our paper is to identify whether bank loans provide support to the adoption of investments in innovative activities undertaken by SMEs. The focus of the analysis is on SMEs for a twofold argument. Firstly, Italian SMEs account for over 99% of firms and about 80% of employment (Istat, 2007) . Secondly, SMEs and large firms differ significantly in terms of financial structure (ECB, 2009) , and SMEs largely rely on banks when selecting sources of external financing.
1 Indeed, for small-and medium-sized firms market-based and equity financing play a minor role 2 to finance investment projects. 3 Finally, there is recent empirical evidence on the real-side implications of credit access, i.e. the use of credit lines, both in periods of easier credit and during the financial crises. Campello et al. (2010) find that firms use available credit lines when the internal sources of financing are limited easing the process of corporate spending, even during a credit crunch. In a similar vein, Lins, Servaes and Tufano (2010) find that credit lines provide firms with the ability to explore future business opportunities.
As a preview of the results, we show that the probability to innovate of SMEs is positively influenced by many factors. Firstly, by the access to credit captured by a measure of credit availability and a measure of credit tightness; secondly by the loan size, i.e. the amount of granted credit by the bank for such investments. Thirdly, by the firm size, and lastly, by the firm location, i.e. being inside an industrial district fosters firm propensity to innovate.
The paper is organized as follows. Section one reviews the empirical literature on innovative firms' financial problems. Section two describes the dataset employed, while section three analyzes the empirical strategy, and section four discusses the main empirical findings. The last section concludes.
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A. Bellucci, I. Favaretto, G. Giombini Credit availability and propensity to innovate of SMEs 1. According to ECB (2009) , the 32% of SMEs used a bank loan in the previous six months, and the 30% used a bank over-draft or credit line. Leasing, hire purchase and factoring (used by 27%), and trade credit (15%) also played a relatively important role. 2. Following the ECB (2009) only the 0.9% of small-and medium-sized firms issued debt securities and 1.3% issued equity or relied on external equity investors. 3. Giudici and Paleari (2000) , analyzing a sample of small-and medium-sized innovative Italian firms, find support for the pecking order theory. Indeed, a firm owner's wealth is the main source of funds, followed by short-term bank debt, whereas outside equity finance is used only if the new investors also provide new financial skills. Colombo and Grilli (2007) studying the determinants of financing sources of small-sized innovative Italian firms confirmed the pecking order hypothesis. Indeed, only a small share of firms finances investment projects by using external equity and the main financing source is the entrepreneur's personal wealth, followed by bank loans. Calcagnini, Favaretto and Giombini (2011) empirically analyze financial models of innovative firms in Italy, and find that only a small number of interviewed firms have faced problems in raising external funds for innovation, even during the period of the economic and financial crisis.
A short literature review
The financing of innovative investments has attracted great interest in the economic literature, and recently, some studies have started to analyze the link between sources of financing and the firm's propensity to innovate. From these works it emerges that firms experience problems that prevent them from investing in innovation activities, and one of the more severe constraint they face is, among others, the lack of appropriate financial sources (Canepa and Stoneman, 2002; Mohnen and Röller 2005; Savignac, 2006) .
More closely related to our idea on the importance of the banking channel to finance innovative investments, some recent studies investigate the effect of the development of the local banking system and of the credit availability on the probability of adoption of innovation by firms (Alessandrini, Presbitero and Zazzaro, 2010; Benfratello, Schiantarelli and Sembenelli, 2008; Ferri and Rotondi, 2006; Herrera and Minetti, 2007) . Using survey data on "Community Innovation Survey" and looking at the probability to introduce both process and product innovation, Benfratello, Schiantarelli and Sembenelli (2008) find a positive effect of the bank branch density on the probability of introducing innovations. The latter is significantly higher for firms located in areas with higher bank branch density, and this effect is larger for small and high-tech firms than for the others. However, this evidence seems to be stronger for product innovation, while it is weaker for process innovation. In a similar vein, Herrera and Minetti (2007) using eighth Capitalia Survey find a positive relationship between the probability of introducing innovation and the length of credit relationship with referred bank. Using a more recent version of data provided by Capitalia Survey, Ferri and Rotondi (2006) confirm the previous study, corroborating the importance of the relationship with referred bank on the probability to introduce innovation processes. Alessandrini, Presbitero and Zazzaro (2010) analyse the effect of bank-size and bank-branch distance on the probability of small-and medium-sized firms to adopt innovative processes at provincial level. Their results show that the distance between banks decisional headquarters and local economies, as a measure of banks organizational structure, impacts negatively on the probability of innovation. In particular, an increasing distance between bank's headquarter and local branches significantly reduce the likelihood of local small-and medium-sized firms to introduce innovation, while the bank's size on the adoption of process innovation seems to have a weak effect. Recently, Giannetti (2012) shows that relationship lending has negligible impact on the innovative activity of SMEs while plays an important role for firms operating in high-tech industries. Brancati (2014) using the MET survey on Italian firms performed in 2008, 2009 and 2011 finds that financial constraints strongly hamper firms' probability of introducing innovations.
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Finally, Amore, Schneider and Zaldokas (2013) present evidence that banking development plays a key role in technological progress. Focusing on manufacturing firms' innovative performance, the authors find that the deregulation of banking activities across US states during the 1980s and 1990s had significant beneficial effects on the quantity and quality of innovation activities, especially for firms highly dependent on external capital and located closer to entering banks.
Dataset

Dataset description
To analyze whether firm's probability to innovate depends on bank loans we combine information from two distinct datasets. The first proprietary dataset collects information on credit lines granted mainly to SMEs, by a large Italian bank belonging to a major Italian banking group quoted on the Milan Stock Exchange. One of the bank's core businesses is the provision of financing to SMEs making this dataset ideal for the purposes of our analysis. The sample includes the bank's entire portfolio of credit lines as of September 2004 and 2006, which was mainly concentrated in two Italian provinces. 4 The provinces are also representative of the Italian economic structure, characterized by the presence of a large number of SMEs.
5 During the timeframe of our study, the bank operates with sixty branches in both provinces.
Firms operate in more than twenty-three industry sectors defined at the 2-digit level according to the Italian National Institute of Statistics (Istat) . The dataset contains information on loan contract terms (e.g. credit limit, interest rate), bank-borrower relationship (e.g. length and exclusivity, whether the borrower uses other services offered by the bank, rating, collateral, portfolio, decisional level, etc.), borrower characteristics (e.g. address, sales, industry sector, juridical form, etc.), and characteristics of the local credit market and lending branch (e.g. concentration, province, etc.).
The latter dataset provides information on firms, which engaged in innovative activities in 2004 and 2006 collected by the Regional Government Agency.
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A. Bellucci, I. Favaretto, G. Giombini Credit availability and propensity to innovate of SMEs 4. For the sake of confidentiality, we cannot reveal the Bank identity or the Region for which the data are available. Less than 4% of the credit lines are granted to firms located in other two neighboring provinces. 5. Using GDP per capita in Italy in 2006 as a base of one hundred, both provinces are slightly richer than the average Italian province (110.3 and 101.2, respectively). In both provinces, the manufacturing sector contributes 30% of overall value added, services contribute 68%, and agriculture only 2% (for the aggregate Italian economy, these figures are 27, 71 and 2%, respectively).
F r a n c o A n g e l i
Firms are listed in this dataset if they carried out a series of innovative activities such as: registration of patents, project funded and involvement and development of R&D projects (table 1) . However, the information contained in the dataset does not identify the specific activity undertaken by each firm. Thus, we construct an indicator Innovation, which assumes the value of 1 if the firm pursued at least one of the activities reported in table 1, and 0 otherwise. (Favaretto and Zanfei, 2007) . According to Favaretto and Zanfei (2007) firms were concentrated in a few and often non-front-rank innovative activities. Most of the firms (one hindred ninety-two over three hundred forty-six, that is 55% of all firms) were included in the sample because they were registered with the national register of research projects.
bank's portfolio and firm innovation activities, we identify one hundred twenty-four bank-innovative firm relationships in 2006. As our focus is on small business lending, we follow the EU definition of small business enterprises and exclude from our dataset fifteen innovative borrowers with sales exceeding fifty million euros.
7 Finally, other firms were dropped from the sample because of missing values in key explanatory variables. Thus, our final sample contains ninety innovative and five thousand four hundred forty-four non-innovative firms in 2006. In table 2 we report the descriptive statistics of innovative and non-innovative firms while in the Appendix we report the construction and definition of our variables. Source: our elaborations on own bank data. Copyright © FrancoAngeli N.B: Copia ad uso personale. È vietata la riproduzione (totale o parziale) dell'opera con qualsiasi mezzo effettuata e la sua messa a disposizione di terzi, sia in forma gratuita sia a pagamento.
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Explanatory variables
In this study we aim at testing the impact of bank funds on firms' propensity to innovate, and firms are considered innovative if they engage in one of the activities listed in table 1. Thus, we firstly define two variables, Credit Availability and Credit Tightness, which measure the availability of credit. Secondly, as innovation might depend on various borrower and lender characteristics, we introduce a rich set of control variables related to borrower and lending branch characteristics.
The first explanatory variable we consider is Credit Availability, a dichotomous variable taking the value of 1 if a borrower has not experienced a credit restriction and 0 otherwise. Credit restrictions are measured on the basis of the overdraw practice, i.e. whether the borrower uses more than the amount granted on the credit line by the bank.
In the time-lapse of our study, Italian credit lines provide borrowers with a certain degree of flexible use by either allowing them to not fully utilize the committed credit, free of any charge, or overdraw up to a certain amount, subject to fees and penalty interest rates on the overdrawn part. Within our data, the frequency with which traditional firms experience credit restriction in the access to credit is significantly higher respect to innovative ones (20% vs. 3.3%).
Alternatively, we measure firm access to bank credit with the variable Credit Tightness, which is a continuous variable that measures the percentage of credit line utilized on total amount granted by the bank, and we assume the higher this percentage is, the higher the probability that the firm is experiencing binding credit limits. Descriptive statistics for this variable show that innovative firms seem to experience less binding credit limits than non-innovative firms: the former use, on average, the 52% of the accorded amount of credit, while the average value of credit tightness for the latter is 72%.
Descriptive statistics of table 2 show relevant differences between innovative and non-innovative firms in other loan characteristics. Thus, in our empirical models we also control for the price of credit (Interest Rate) and the loan size (Total Accorded), which could reveal other aspects of the contract characteristics. The interest rate paid by innovative borrowers is, on average, approximately twenty-six basis points less than that paid by traditional ones (7.08 vs. 7.34). Total Accorded is a continuous variable that measures the total amount accorded by bank to firm. The average amount accorded by the bank is ninety-three thousand seventy-three euros. However, on average this amount is higher for innovative firms than traditional one (three hundred forty-two thousand six hundred seventy-
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eight euros vs. eighty-eight thousand nine hundred forty-six euros). 8 We also introduce two measures intended to capture the nature of the bankborrower lending relationship. First Other Services considers the scope of the bank-borrower interaction (Cole and Wolken, 1995) . This is a dummy variable takes the value of 1 if the firm uses additional services provided by the bank and 0 otherwise. 92,2% of firms utilizes other financial services from this bank. However, innovative firms tend to use more of these services from the bank respect to traditional counterpart (97,8% vs. 92.1%). Second, Multiple Lending is a dummy variable designed to capture the exclusivity of the relationship. The variable takes the value of 1 if the firm borrows from multiple banks and 0 if the borrower has an exclusive relationship with our bank. In our sample, only 4,4% of the firms have an exclusive lending relationship with the bank and we do not notice differences between innovative and traditional firms.
9
Our empirical analysis takes into account firm characteristics. Larger firms usually have more internal resources and are less credit constrained, and have size advantages in terms of internal knowledge, financial resources for innovation, and market power (Cohen and Klepper, 1996) .
Thus, we expect that these firms have a higher probability of undertaking investment projects and, more specifically, should show a higher propensity to innovate. Indeed, previous studies find that innovation, measured by R&D, increases with firm size (Scherer, 1965) . Vaona and Pianta, (2008) find that product innovation is explained by a growth-oriented strategy, while process innovation is associated to the acquisition of new machinery. The authors argue that these distinct models identify two trajectories for innovation, although some complementarities exist and they are stronger for large firms.
Thus, we use borrower's total sales as a proxy of firm size. The bank only provides sales categories rather than exact sales amounts, and in terms of average Turnover innovative firms are significantly greater than the traditional ones, (on average 12.6 vs. 2.6 millions of euro, see table 2).
Thus, we construct a step variable considering six categories of sales, and we measure firm size by means of a set of dummy variables D (Sale_n) that take the value of 1 if the firm total sales fall in the n-th category and 0 otherwise.
To take in account for the organizational structure and decision making process of the bank (e.g., Liberti and Mian, 2009 ), we include the variable Portfolio that identifies the bank's operating segments in which the borrowers fall. Specifically, the variable takes the value of 1 if the bank considers the credit line as part of its small business market and 0 if it is part of its corporate market. The small business market represents more than 90% of the bank's loan portfolio. This distinction has implications for the riskiness of the subset of the loan portfolio and for the internal division that manages the credit line. In our sample innovative firms fall, on average, inside corporate portfolio in 55,5% of the cases.
The dichotomous variable Portfolio controls for firm size as defined by the bank, i.e. the firm might be identified as belonging to the corporate market or to the small business market. Indeed, we should expect that the former, being characterized by a better access to credit than the latter, should show a higher propensity to innovate.
As another borrower characteristic, we also consider the legal entity of the firm. Corporation is an indicator that takes the value of 1 if the loan recipient is a business corporation and 0 otherwise. The univariate results reported in table 2 show that innovative firms have generally a more structured legal form and are mainly organized as business corporation (91.1% vs. 32.6% of traditional firms). This fact could be due to the industrial sector in which they operate (i.e. secondary sector and manufacture particularly), by the firm's dimension and/or by firm's activity seniority. In the latter case it is possible that younger firms tend to be less structured (Berger and Udell, 1998) . The other business entities of innovative firms are partnerships (6.7%) and individual firms (2.2%), while traditional firms are mainly sole proprietorships (42.9%), partnerships (22%) and finally cooperative firms (1.89%).
To control for the presence of other sources of financing we use the variable Leverage, which measures the firm total indebtedness. Empirical evidence suggests that indebtedness plays a significant role in explaining firms' innovative activity, both in the Centre-North and in the South of Italy. Highly indebted firms are also more innovative, but more innovative firms are also less capable to sustain their debts out of current profits (Costanzo, Silipo and Succurro, 2013) . We control also for industry differences in the cost of credit by adding a set of industry indicators based on the Istat classification discussed earlier. In particular we build twenty-three dummies at the 2-digit Istat level, which roughly corresponds to the 2-digit SIC classification in the US.
Finally, to measure the impact of firm's location on the propensity to innovate, we use a dichotomous variable D(Province), which takes the value of 1 if the firm is located in the "B" Province.
Firm's propensity to innovate might also be related to the characteristics of markets within firm operates. Firstly, we control for the Herfindahl-Hirschman index (HHI), which measures bank branch concentration, to capture local credit market conditions and competition, calculated in September 2006. On average branches are located in contestable markets with an HHI close to 0.21. We control for credit market concentration because we expect that less bank-
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ing competition stimulate relation-based lending and facilitates the funding of opaque borrowers/projects (Cetorelli, 1999; Petersen and Rajan, 1995) . Furthermore, Alessandrini, Presbitero and Zazzaro (2010) find that small and medium enterprises located in more concentrated credit markets have a higher probability of introducing innovation. Secondly, to consider for differences in the specialization of the borrower, we introduce a dummy variable Industrial District that takes the value of 1 if the borrower is located in an industrial district and 0 otherwise. From table 2 we note that on average the presence of innovative firms within an industrial district is higher than that of traditional ones (81% vs. 60% respectively).
Within the Italian industrial districts, there is a significant level of variety, specialization and selection, and the engine of the introduction of innovation in local firms is typically represented by social and technical interactions (Belussi and Pilotti, 2002) . Thus, on the one side, we could expect a positive correlation between the innovative processes and the fact that the firm belongs to the industrial district. However, on the other side, it has been found that firms belonging the industrial district invest in exploiting the networks of creativity to support product innovation, while science-driven innovation seems to be predominant for firms not embedded in districts (Chiarvesio and Di Maria, 2009 ).
Finally, we also control for the operative distance between the firm and the bank by means of the variable Distance. Indeed, firm propensity to innovate could be positively affected by proximity of financial resources. The underline rationale is that the lower the distance, the higher the flow of soft information from the borrower to the bank and the better the access to credit and the terms of loan (Bellucci, Borisov and Zazzaro, 2013 ). Thus, we should expect a negative estimated coefficient for this variable. Previous studies found a negative impact of the functional distance (i.e. bank-branch distance) on innovation adoption by SMEs (Alessandrini, Presbitero and Zazzaro, 2010) .
Empirical strategy
Reverse causation and endogeneity
To deal with our central research question, i.e. whether bank loans can stimulate innovative activities, we need to control for possible endogeneity and reverse causation problems between innovation and credit access.
Indeed, two issues deserve attention. First, is has been shown that the innovative nature of firms might influence firm access to credit (Bellucci, Favaretto and Giombini, 2014; Czarnitzki and Hottenrott, 2011; Freel, 2007) and that
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the financing of innovative firms may be particularly difficult and onerous due to the presence of tougher moral hazard problems, riskier activity, lower collateral in innovative firms with respect to traditional ones (Hall, 2009 ). Thus, debt might be a less suitable source of financing than other sources to finance innovative, small-sized firms, especially during their start-up phase (Jensen and Meckling, 1976) . Indeed, the economic conditions, industry characteristics, and unobserved factors could influence both firms' innovation and credit availability, thus biasing the effect of finance on technological progress (Amore, Schneider and Zaldokas, 2013) . Thus, to overcome the potential endogeneity that could affect our estimates, a second argument needs to be addressed.
The second consideration concerns the criteria used by the Regional Government Agency to select firms in the innovation dataset. Basically, a firm is included into the dataset if the innovation activity (e.g., registration of patent) is actually concluded. As there is generally a lapse of time between the stage at which the firm gets the loan and the stage at which the innovation activity is fully undertaken, the firm needs foremost financial resources to fully implement such innovation activities.
Thus, in order to gauge a causal effect of bank credit availability on innovative activity and to control for the timing of the investment in innovative activities, the identification strategy relies on the availability of data for two years, 2004 and 2006. Specifically, the empirical equations test whether the availability of credit in the former year affects firm propensity to innovate in the latter year.
The models
We estimate two alternative models. The first model assumes that the probability that the firm undertakes innovative activities depends not only on firmand market-specific characteristics, but also on bank credit availability and on other characteristics of the bank loan, such as its costs. The empirical equation of model [1] takes the following form:
where i refers to firms and Firm, Market, and Bank are vectors of characteristics related to the firm profile (sales, activity sector, organizational form, leverage, etc..), local credit market (concentration, industrial district) the bankfirm relationship (services, exclusivity of relationship, interest rate, loan size,
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etc..), as described in section two. The second model relates firm propensity to innovate to firm-, loan-and market-specific characteristics, and to a measure of credit restrictions, i.e. Credit Tightness. The empirical equation of model [2] takes the following form:
[2]
where i refers to firms, and vectors Firm, Market and Bank contain the same set of characteristics as in model [1] .
In a limited dependent variable setting, we first assume a linear probability (LP) model, according to which the dichotomous Innovation variable is a linear function of the independent variables (i.e.: Φ = 1). In large samples, the statistical inference of the LP Model follows the OLS procedures under the normality assumption. Within this framework, the slope coefficient measures directly the change in the probability of undertaking innovative activities (i.e., Innovation = 1) as a result of a unit change in the value of a regressor. However, there is a major problem with the OLS estimation of the LP model, i.e. the estimated coefficients do not necessarily lie between the [0, 1] range. Therefore, we in turn show estimated coefficients of model [1] obtained by a probit estimation (i.e.: Φ(.) is assumed to be the CDF of the standard normal distribution), and a logit estimation (i.e.: Φ(.) is assumed to be the CDF of the logistic distribution). Within these settings, the relationship between the probability of undertaking innovative activities and the vectors of variates is nonlinear. All models are estimated with standard error clustered at bank branch level.
Results
Main findings
Column (1) of table 3 shows the estimates of a baseline version of the linear probability model [1] , in which the probability that Innovation is equal to 1 depends on Credit Availability and by the following firm characteristics: firm size (D (Sales_n)), industry (Industry Dummy) and location (Province). Findings suggest that, as expected, the credit availability affects positively firm propensity to innovate, as the estimated coefficient of Credit Availability is positive and statistically significant. The estimated coefficient suggests that a firm, which does not experience overdraw in the year 2004 has, on average, a
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1% higher probability of undertaking innovation activities in 2006 than other firms, ceteris paribus. Furthermore, firm size seems to play an important role in firm innovative activities, i.e.: larger sized firms have a higher probability to undertake innovative projects as shown by the estimated coefficients of the dummy variables D(Sales_n). Particularly, we also find that these estimated coefficients are larger in magnitude the higher the size category is. In column (2) of table 3 we estimate the full LP model [1] . Consistently with the literature, bank concentration (HHI) influences positively firm probability to innovate (the marginal effect is equal to 2%), as well as firms that belong to industrial districts benefit from relationships and synergies, which arise inside districts, in terms of a 1% increasing probability to undertake innovation activity. Furthermore, the adoption of a more sophisticated legal form (i.e. Corporation) seems to stimulate the innovation activity, likely because of a positive effect of structured legal forms on firm transparency, and costs. Indeed, as it has been pointed out «[…] innovation is fraught with risk and uncertainty which raise transaction costs. If these costs become too high, one would expect firms to refrain from investing in innovation. A major function of law and regulation is to reduce such risk and uncertainty Moreover, estimated coefficients show that firm propensity to innovate is positively affected by loan size, as measured by the log of the Total Accorded but it is not affected by the use of Other Services or by the price of credit Interest Rate. Furthermore, the estimated coefficient of Portfolio suggests that firms classified as belonging to the corporate market have a 4% increasing probability to undertake innovative activities. While Leverage negatively affects Innovation, we expect that the proximity of firm to the sources of finance impacts positively on the probability to undertake innovative activities. However, the estimated coefficient of Distance is very close to zero and not statistically significant.
Columns (3)- (4) and (5)- (6) of table 3 show the probit and logit estimated coefficients of model [1], respectively. Overall, the findings of columns (1) and (2) are confirmed.
10
Summing up, estimates provide robust evidence of a positive causal effect of bank credit availability on firm propensity to innovate.
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A. Bellucci, I. Favaretto, G. Giombini Credit availability and propensity to innovate of SMEs 10. Differently from the LP model, estimated coefficients of the probit and logit models cannot be interpreted as marginal effects. Furthermore as the logit and the probit models adopt different scale normalization, the coefficients estimates from the logit model shown in columns (4) and (6) need to be rescaled to be comparable to those from the probit. Specifically, the logit estimates should be multiplied by 0.551 (Xie and Manski, 1989) .
Copyright © FrancoAngeli N.B: Copia ad uso personale. È vietata la riproduzione (totale o parziale) dell'opera con qualsiasi mezzo effettuata e la sua messa a disposizione di terzi, sia in forma gratuita sia a pagamento. (1) (3) and (5) shows results from a baseline LP, probit, and logit model, respectively, with dependent variable Innovation, which takes the value of 1 if the firm carries on an innovative activity and 0 otherwise. Innovative activities are listed in table 1. Columns (2), (4) and (6) show results from augmented LP, probit, and logit models, respectively. The table reports point estimates of the coefficients, followed in parentheses by robust standard errors, clustered at branch level. The definition and construction of the variables is provided in the Appendix. * = p < 0.1, ** = p < 0.05, *** = p < 0.01. Source: our elaborations on own bank data.
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F r a n c o A n g e l i (1) (3) and (5) shows results from a baseline LP, probit, and logit model, respectively, with dependent variable Innovation, which takes the value of 1 if the firm carries on an innovative activity and 0 otherwise. Innovative activities are listed in table 1. Columns (2), (4) and (6) show results from augmented LP, probit, and logit models, respectively. The table reports point estimates of the coefficients, followed in parentheses by robust standard errors, clustered at branch level. The definition and construction of the variables is provided in the Appendix. * = p < 0.1, ** = p < 0.05, *** = p < 0.01. Source: our elaborations on own bank data.
42
Economia e Politica Industriale A. Bellucci, I. Favaretto, G. Giombini Credit availability and propensity 
to innovate of SMEs
For robustness checks table 4 shows estimated coefficients of model [2] , which relates firm propensity to innovate to credit restrictions, as measured by the variable Credit Tightness, and firm-, bank-and contract-specific characteristics. Columns (1)- (2), (3)- (4), and (5)-(6) of table 4 refer to a baseline and a full specification of a LP, probit, and logit model, respectively. Overall, estimates suggest that the higher is the credit tightness the lower the probability that firms innovate. As for the impact of other characteristics, previous findings of table 3 are confirmed, i.e.: firms characterized by larger-sized, and with more structured legal form have a higher propensity to innovation than the others, as well as the firms which operate inside an industrial district or in more concentrated credit markets. Finally, the size of the loan matters, and larger loans affect positively firm propensity to innovate.
Stratified sample analysis
In this section we provide additional evidence of the causal effect of bank loans on firms' probability to innovate by means of a stratified sample, which aims at addressing two concerns. First, within the original dataset, the number of innovative firms is significantly lower than that of traditional ones (ninety vs five thousand four hundred forty-four). As a consequence, the Innovation variable shows a poor variability. Further, it could be argued that the findings of tables 3 and 4 are driven by other firm characteristics, such as firm size, more than credit availability. Indeed, firms that undertake innovative activities tend to be larger, and adopt more often the legal entity of business corporation, as shown in table 2. Thus, to verify the robustness of our inferences and insights we perform additional estimates by using a stratified random sample, obtained as follows. From the original dataset we randomly extract a number of non-innovative firms whose frequency within the two provinces reflects that of innovative firms. Further, within each province, the distribution of non-innovative firms in term of organizational legal structure and, among them firm size (as identified by the variable Portfolio) replicates that of innovative ones. (5) shows results from a baseline LP, probit, and logit model, respectively, with dependent variable Innovation, which takes the value of 1 if the firm carries on an innovative activity and 0 otherwise. Innovative activities are listed in table 1. Columns (2), (4) and (6) show results from augmented LP, probit, and logit models, respectively. The table reports point estimates of the coefficients, followed in parentheses by robust standard errors, clustered at branch level. The definition and construction of the variables is provided in the Appendix. * = p < 0.1, ** = p < 0.05, *** = p < 0.01. Source: our elaborations on own bank data.
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F r a n c o A n g e l i (5) shows results from a baseline LP, probit, and logit model, respectively, with dependent variable Innovation, which takes the value of 1 if the firm carries on an innovative activity and 0 otherwise. Innovative activities are listed in table 1. Columns (2), (4) and (6) show results from augmented LP, probit, and logit models, respectively. The table reports point estimates of the coefficients, followed in parentheses by robust standard errors, clustered at branch level. The definition and construction of the variables is provided in the Appendix. * = p < 0.1, ** = p < 0.05, *** = p < 0.01. Source: our elaborations on own bank data.
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The final stratified random sample contains one hundred twenty-six firms, which do not undertake innovative activities, and eighty-five firms, which are involved in at least one of the activities reported in table 1. Table 5 provides some summary statistics for the stratified random sample: firms that innovate do not show statistically significant differences with respect to non-innovative ones in terms of legal entity type, bank operating segment, and location.
Subsequently we re-estimate models [1] and [2] , and the outcomes of these robustness checks are reported in tables 6 and 7, respectively. Our results are qualitatively unchanged: the estimated coefficient of Credit Availability is positive and statistically significant in all specifications, while the estimated coefficient of Industrial District is statistically significant in the probit and logit specifications (columns (4) and (6) of table 6, respectively). Thus, firms that do not experience overdraw in the year 2004 or firms within the industrial district show higher probabilities of undertaking innovation activities than other firms, ceteris paribus. The propensity to innovate increases with the loan (as measured by the log of Total Accorded and with firm's size (D(Sales_5)). Table 7 shows results of model [2] : the estimated coefficient of Credit Tightness is statistically significant in all specifications, as well as the coefficient of Total Accorded. These finding confirm that better credit conditions foster the probability of firms to undertake innovative activities.
Conclusion
In this paper we empirically addressed a specific research question, i.e. whether the availability of credit affects SME probability of undertaking innovative activities, by means of data available for an Italian region. The motivation for this study is related to the recognition that the innovation activity, one of the key factors for the economic growth of a country, shows in Italy a gap compared with the other main advanced economies, especially in the private sector. The expenditure in R&S, for example, is lower and far away from the target of the 3% over GDP set by the European Commission Europe 2020 strategy. As for the private sector, it is argued that the causes of such a delay are related to characteristics of both the productive and the financial structures of Italian firms (Bank of Italy, 2013).
Furthermore, a survey of the European Central Bank (ECB, 2009) shows that SMEs largely rely on banks, while market-based financing plays a minor role. Thus, it becomes nonetheless crucial to find out the effect of bank loans on the firm propensity to innovate.
This paper provides evidence of a causal effect of credit availability on the firm probability of undertaking innovative activities, showing that the propen-
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Copyright © FrancoAngeli N.B: Copia ad uso personale. È vietata la riproduzione (totale o parziale) dell'opera con qualsiasi mezzo effettuata e la sua messa a disposizione di terzi, sia in forma gratuita sia a pagamento. sity to innovate is higher when firms do not experience credit restrictions. Moreover, the empirical exercise reveals that firms organized in a more structured legal form or firms of larger size have a higher probability to innovate. Further, we also find evidence of a positive correlation between the innovative processes and the fact that the firm belongs to the industrial district. Keeping in mind that these findings refer to a specific Italian region, we believe that a future research agenda could extend our analysis, so that to obtain policy implications oriented to promote and facilitate firm access to bank credit.
